The bacterial Lux system is used as a gene expression reporter. It is fast, sen-24 sitive and non-destructive, enabling high frequency measurements. Originally 25 developed for bacterial cells, it has been adapted for eukaryotic cells, and can 26 be used for whole cell biosensors, or in real time with live animals without the 27 need for slaughter. However, correct interpretation of bioluminescent data is 28 limited: the bioluminescence is different from gene expression because of non-29 linear molecular and enzyme dynamics of the Lux system. We have developed 30 a modelling approach that, for the first time, allows users of Lux assays to infer 31 gene transcription levels from the light output. We show examples where a de-32 crease in bioluminescence would be better interpreted as a switching off of the 33 promoter, or where an increase in bioluminescence would be better interpreted 34 as a longer period of gene expression. This approach could benefit all users of 35 Lux technology. 36 Introduction 37
: (a) New experimental data for Fre and LuxAB reactions. NADPH time course for three different concentration of FMN. The concentration values in the above data are obtained from the absorption measurements from the spectrophotometer. The conversion is carried out by relating the concentration (C) to the measured values (A) with the formula A = K * C, where K is the proportionality constant and is estimated using initial measurement(A 0 ) and starting concentration (C 0 = 200µM ). The velocity of the reaction increases as FMN concentration is increased. Normalised (using max. velocity in the assay) LuxAB reactions velocity time series for different FMN concentrations. The velocity of the reaction increases from the lowest concentrations of FMN, is greatest for FMN concentrations of 1µM , and decreases for higher concentrations of FMN. This is best explained by product inhibition of the LuxAB reaction through competition between FMN and the substrate FMNH 2 . (b) Model fits for Fre, LuxAB, and LuxEC reactions. The model fits to the data are good, showing that kinetic parameters for the reaction rates can be inferred. Summarized data are displayed: for Fre -NADPH concentrations at t = 10 min; for LuxAB, the maximal veclocity for each FMN concentration; for LuxEC -only the AMP time-course data are shown. The full data fits for all three reactions are shown in supplementary figures. Total flavin = 88uM , O 2 = 550uM , N ADP H = 560uM , and AT P = 1310.
For the measurement of luciferase (LuxAB) kinetic reactions, we combined 90 components of the coupled Fre-LuxAB reaction. We measured light output 91 arising from different initial concentrations of FMN: 10nM, 100nM, 1µM, 10µM 92 and 100µM ( Figure 1a ). For all five conditions, there is an initial delay before
It is assumed that the action of LuxD counterbalances the loss of RCOOH (Figure 5b ). While the inferred gene expres-172 sion is less smooth than the bioluminescence, it highlights three behaviours not Figure 5 : (a) Reverse engineered gene expression from data from the uhpT promoter in S. aureus showing that the peak of gene expression occurs earlier than the light output, and that the duration of gene expression is shorter than would appear from the light output. (b) Reverse engineered gene expression from the safA-ydeO promoter in E. coli. The pattern of gene expression is very different from the light output pattern. In particular, the increased bioluminescence is partly explained by greater duration of gene expression not just level of gene expression; gene expression in the WT and yodel mutant appears to be switched off after induction, which is not apparent in the bioluminescence; and the inferred expression shows pulses which are an artefact of the experimental arrangement, in which plates were moved every 15 minutes between a spectrophotometer and a luminometer, demonstrating that the agitation has an impact upon the cells. 
A separate Gibbs step is introduced for the sampling of noise precision τ , 334 in case of Fre and LuxEC inference, while for LuxAB data, we estimated the 335 noise variance from the replicates. Details on the derivation of the Gibbs step 336 is provided in supplementary methods.
337
Promoter Inference
338
A Monte Carlo approach was used to infer promoter activity from light readout.
339
The promoter input function is modelled as a series of K heights at fixed posi-to the current height at the previous point n − 1. At each step, a point is chosen
